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in the trench hole is changed. The volume of the bubble 
32 expands, and the bubble 32 is pushed out of the 
trench hole T. The cleaning liquid 2 enters into the 
hole at the same time. 



PURPOSE: To clean the inner surface of a trench hole 
and to improve the quality and the yield rate of a 
semiconductor wafer by reducing the pressure in a 
pressure con tainer, and performing the substitution of 
a bubble and cleaning liquid \A/hich remain in the trench 
hols. 

CONSTITUTION: Cleaning liquid 21 >wherein a 
semiconductor wafer W is immersed is stored in a 
cleaning tank 22. An ultrasonic wave oscillating device 
2 which applies ultrasonic wave oscillation into the 
cleaning liquid 21 is amanged in the tank 22. A 
pressure container 2 wherein the cleaning tank 22 is 
internally accommodated and a pressure applying means 
1 1 and a pressure reducing means 6 are arranged is pro 
vided. Then, the semiconductor wafer W to be cleaned is 
impnersed into the cleaning liqukf 21. With ultrasonfc 
wave oscilbtkjn beir^ appTied into the cleaning iKjukj 
21, pressure applying and pressure reducing 
manipulations are performed in the pressure container 2, 
Then, the balance between the pressure of the cleaning 
liquid 21 which is balanced under the atmospheric 
pressure and the pressure of a bubble 32 which is formed 
on the surface of the semiconductor wafer W and remains 
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MANUFACTURE OF INK JET HEAD 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a washing 
method and washer by which foreign matters In 
grooves of a high aspect ratio can be sufficiently 
removed and to provide a method for manufacturing 
an mk jet head having high reliability by using the 
washing method. 

SOLUTION: By holding a material to be washed W 
having grooves of a high aspect ratio such as an ink 
let head under reduced pressure in immersed 
conditions in washing liquid 52, bubbles remaining 
in the grooves of the material to be washed are 
discharged tsy pressure difference between inside 
and outside of the washing liquid to spread the 
washing liquid all over the grooves. By first 
applying ultrasonic vibration in this state, foreign 
matters in the grooves are removed. Furthermore, 
the materia! to be washed is heated, and also is 
held under reduced pressure, thereby producing 
bumping in the washing liquid remaining in the 
grooves of the material to be washed to remove the 
foreign matters in the grooves that ultrasonic 



bumping. After that, a nozzle plate is stuck to the 
material to i:>e washed while the nozzle holes are 
made to correspond to the grooves. 

COPYRIGHT: (C)2000,JPO 
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SPECIFICATION 

1. Title of the Invention: SEMICONDUCTOR WAFER CLEANING 

APPARATUS 

2 . Claim 

(1) A semiconductor wafer cleaning apparatus characterized 
by comprising : 

a cleaning tank that stores a cleaning liquid in which 
a semiconductor wafer is immersed, and that has an 
ultrasonic oscillator for applying ultrasonic oscillations 
to the cleaning liquid; and 

a pressure container that accommodates the cleaning 
tank therein, and that has pressurizing means and 
depressurizing means. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 
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The present invention relates to a semiconductor wafer 
cleaning apparatus (hereinafter, referred to as a cleaning 
apparatus) used in a semiconductor manufacture process. 
[Description of the Related Arts] 

In removing particulates adhering to the surface of a 
semiconductor wafer or foreign matter such as a trace amount 
of a residual chemical solution, a method has hitherto been 
used in which ultrasonic oscillations is applied to a 
cleaning liquid in which the semiconductor wafer is immersed, 
and in which the semiconductor wafer is subjected to swing 
operations in the cleaning liquid. As a cleaning apparatus 
employed then, an apparatus configured as shown in Fig. 2 
(sectional view) is known. 

This cleaning apparatus 2 0 includes a cleaning tank 22 
that stores a cleaning liquid 21 in which a semiconductor 
wafer W is immersed, and an outer tank 2 3 accommodating this 
cleaning tank 22 therein. An ultrasonic oscillator 24 is 
arranged outside the bottom surface of the outer tank 23 . 
The gap between the outer tank 23 and the cleaning tank 22 
is filled with a buffer liquid 25 for efficiently 
transmitting ultrasonic oscillations to the cleaning liquid 
21. On the other hand, the semiconductor wafer W is held by 
a wafer cassette 26 in an upright posture, and the wafer 
cassette 26 is suspendedly supported by a chuck 2 8 that 
constitutes a wafer swing device 27 disposed on one side of 
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the outer tank 23. The wafer swing device 27 has a swing 
arm 3 0 supported so as to be able to freely swing about a 
fulcrum 29. Connected to one end of the wafer swing device 
27 is the chuck 28, and connected to the other end thereof 
is an actuator 31, such as a hydraulic cylinder, for 
actuating the swing arm 30. 

In the cleaning of the semiconductor wafer W using this 
cleaning apparatus 20, firstly the semiconductor wafer W to 
be cleaned is transferred onto the wafer cassette 26, and 
then the wafer cassette 2 6 is suspendedly supported by the 
chuck 28. Next, the wafer cassette 26 is transferred above 
the cleaning tank 22, and immersed in the cleaning liquid 21. 
Thereafter, the ultrasonic oscillator 24 arranged in the 
outer tank 23 and the actuator 31 for the wafer swing device 
27 are started. Thereupon, ultrasonic oscillations are 
applied to the cleaning liquid 21 in which the semiconductor 
wafer W is immersed. Concurrently, the semiconductor wafer 
W is subjected to swing operations in the cleaning liquid 21 
via the swing arm 3 0 swingingly driven by the actuator 31. 
As a result, foreign matter adhering to the surface of the 
semiconductor wafer W is caused to fall off and is removed 
by the ultrasonic oscillations and the swing operation. 
[Problems to be Solved by the Invention] 

According to the cleaning method using the above - 
described conventional cleaning apparatus 20, foreign matter 
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adhering to the surface of the semiconductor wafer W can be 
easily removed, but on the other hand, the following 
drawback has been brought about. 

When, in the surface of the semiconductor wafer W, 
there is provided a trench hole T as enlargedly shown in Fig. 
3(a), for example, a trench hole T configured to have a high 
aspect ratio in a manner such that the depth of the trench 
hole T is 3 to 15 |xm with respect to the opening diameter 
thereof of 0.5 to 1.0 |am, the entry of the cleaning liquid 
21 is obstructed by a bubble 32 remaining inside this trench 
hole T. This inhibits the substitution of the cleaning 
liquid 21 for the bubble 32 by ultrasonic oscillations and 
swing operations. As a result, foreign matter (denoted by 
reference numeral 33 in Figs. 3A and 3B) adhering to the 
inner surface of the trench hole T remains just as it is 
without being removed, thereby incurring the reduction in 
the quality and the yield rate of the semiconductor wafer W. 

The present invention has been devised in the light of 
such a drawback. The object of the present invention is to 
provide a semiconductor wafer cleaning apparatus that, even 
if a high aspect -ratio structure such as a trench hole is 
formed in the surface of the semiconductor wafer, can 
substitute a cleaning liquid for bubble remaining inside the 
trench hole, and more reliably remove foreign matter 
remaining on the inner surface thereof, thereby allowing an 
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improvement in the quality and the yield rate of the 

semiconductor wafer. 

[Means for Solving the Problems] 

The semiconductor wafer cleaning apparatus according to 
the present invention is characterized by comprising a 
cleaning tank that stores a cleaning liquid in which a 
semiconductor wafer is immersed, and that has an ultrasonic 
oscillator for applying ultrasonic oscillations to the 
cleaning liquid; and a pressure container that accommodates 
the cleaning tank therein, and that has pressurizing means 
and depressurizing means. 
[Operation] 

According to the above -described features, it is 
possible to pressurize and depressurize the inside of the 
pressure container while immersing the semiconductor wafer 
to be cleaned in the cleaning liquid stored in the cleaning 
tank under an atmospheric pressure and applying ultrasonic 
oscillations to this cleaning liquid. When the inside of 
the pressure container is subjected to depressurization 
operation, the pressure balance that has been maintained, 
under the atmospheric pressure, between the cleaning liquid 
and a bubble remaining in the trench hole formed in the 
surface of the semiconductor wafer, is changed and disrupted. 
Once the pressure balance between the cleaning liquid and 
the bubble has been disrupted, the bubble floats up while 
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expanding in volume in order to keep pressure balance with 
the cleaning liquid, and ultimately slips outside the trench 
hole. Concurrently with the slip-out of the bubble, the 
cleaning liquid enters the trench hole, and the cleaning 
liquid is substituted for the bubble, whereby cleaning of 
the inner surface of the trench hole is performed by the 
cleaning liquid that has entered. 

Furthermore, when pressurizing and depressurizing 
operations with respect to the inside of pressure container 
is repeated, the cleaning liquid comes to flow in accordance 
with a pressure change, so that the cleaning liquid that has 
entered the trench hole is replaced. Thus, the cleaning of 
the inner surface of the trench hole is promoted. 
[Embodiment] 

Hereinafter, an embodiment according to the present 
invention will be described with reference to the drawings. 

Fig. 1 is a sectional view showing the schematic 
construction of a cleaning apparatus according to the 
present invention. In Fig. 1, symbol 1 denotes the cleaning 
apparatus. In Fig. l, components or parts that are the same 
as or equivalent to those in Fig. 2 showing the conventional 
cleaning apparatus 20 are denoted by the same symbols. 

This cleaning apparatus 1 includes a cleaning tank 22 
that stores a cleaning liquid 21 in which a semiconductor 
wafer W, held in an upright posture, is immersed; and an 
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pressure container 2 accommodating this cleaning tank 22 
therein, and being subjected to pressurizing and 
depressurizing operations. Outside the bottom surface of 
the cleaning tank 22, there is provided an ultrasonic 
oscillator 24 for applying ultrasonic oscillations to the 
cleaning liquid 21. Above the pressure container 2, there 
is provided a container lid 4 that is openably/closably 
supported by a swingably supported actuator 3, such as a 
hydraulic cylinder. This container lid 4 is adapted to be 
capable of enclosing the opening of the pressure container 2 
via a seal member 5 . 

One end of an exhaust piping 7 constituting the 
depressurizing means 6 communicates and connects with one 
side surface of the pressure container 2 . The other end of 
the container lid 7 communicates and connects, via an 
exhaust valve 10, with a depressurization buffer tank 9 that 
is always maintained at a pressure on the level of 100 to 
200 Torr by depressurization using a vacuum pump 8. Here, 
the inner volume of the depressurization buffer tank 9 is 
preset to a value several tens of times larger than the 
inner volume of the pressure container 2 of which the inside 
can be depressurized in a short time such as 0.5 s or less. 
Also, an atmospheric pressure introducing piping 12 
constituting pressurizing means 11 communicates and connects 
with the other side of the pressure container 2 . This 
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atmospheric pressure introducing piping 12 is provided with 
a pressure release valve 13 to be used when the inner 
pressure of the pressure container 2 is to be returned to an 
atmospheric pressure. A symbol 14 in Fig. 1 denotes a 
filter provided at an opening end of the atmospheric air 
introducing piping 12 for removing particles contained in 
atmospheric air, having sizes such as 0.1 ^m or more. 

While, as described later, the pressurizing means 11 is 
used for pressurizing the inside of the pressure container 2, 
it goes without saying that, for example, a pressurizing 
piping system (not shown) for pressurizing the inside of the 
pressure container 2 may be provided besides the atmospheric 
air introducing piping 12 system. 

Next, the cleaning procedure of the semiconductor wafer 
W, performed by using the semiconductor wafer cleaning 
apparatus 1 with the above-described features, will be 
described with reference to Fig. 1, and Figs. 3(a) and 3(b) 
wherein the semiconductor wafer W is shown in an enlarged 
sectional view. 

First, the semiconductor wafer W to be cleaned is 
placed on a wafer cassette 26 and held thereby. Thereafter, 
the actuator 3 is started to open the container lid 4 . Then, 
by using a cassette holding jig (not shown), the wafer 
cassette 2 6 is immersed in the cleaning liquid 21 and placed 
inside the bottom surface of the cleaning tank 22. 
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Thereupon, inside the trench hole T having a high aspect - 
ratio structure and formed in the surface of the 
semiconductor wafer W, a biibble 32 as shown in Fig. 3A 
remains, just as in the case of the conventional example. 
Even if ultrasonic oscillations are applied to the cleaning 
liquid 21 by starting the ultrasonic oscillation 24, the 
bubble 32 does not slip out of the trench hole T, and 
interferes with the entry of the cleaning liquid 21 into the 
trench hole T. 

Next, the actuator 3 is restarted to close the 
container lid 4 of the pressure container 2. Thereafter, by 
opening the exhaust valve 10 to establish continuity between 
the pressure container 2 and the depressurization buffer 
tank 9, the inside of the pressure container 2 is 
depressurized. Thereupon, by this depressurizing operation, 
the pressure balance that has been maintained, under the 
atmospheric pressure, between the cleaning liquid 21 and a 
bubble 32 remaining in the trench hole T formed in the 
surface of the semiconductor wafer, is changed and disrupted. 
In order to keep pressure balance with the cleaning liquid 
21, the bubble 32 floats up while expanding in volume, and 
ultimately slips outside the trench hole, as shown in Fig. 
3(b) . 

Concurrently with the slip-out of the bubble 32, the 
cleaning liquid 21 enters the trench hole T, and thereby the 
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cleaning liquid 21 is substituted for the bubble 32. Here, 
because the inside of the pressure container 2 has been 
depressurized in a very short time, a lifting effect on the 
cleaning liquid 21 stored in the cleaning tank 22 
simultaneously occurs. Following this flow of the cleaning 
liquid 21, the float-up and the slip-out of bubble 32 
enhances. Consequently, because the cleaning liquid 21 
substituted for the bubble 32 enters the trench hole T, and 
in addition, by ultrasonic oscillations applied to the 
cleaning liquid 21, the cleaning of the inside of the trench 
hole T formed in the semiconductor wafer W is performed, so 
that the foreign matter 33 adhering to the inner surface of 
the trench hole T is caused to fall off and is removed. 

Moreover, upon pressurizing the inside of the pressure 
container 2 by opening the pressure release valve 13 
provided in the atmospheric air introducing piping 12 , a 
flow of the cleaning liquid 21 as a result of the pressure 
change occurs, as in the case of the depressurizing 
operation. Herein, upon repeating pressurizing and 
depressurizing operations with respect to the inside of the 
pressure container 2, the cleaning liquid 21 flows, so that 
the cleaning liquid 21 that has entered the trench hole T is 
replaced- This further promotes the cleaning of the inner 
surface of the trench hole T, and enhances the removal 
efficiency of foreign matter 33. In taking out the 
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semiconductor wafer W that has been cleaned according to the 
above -described cleaning procedure, atmospheric air is 
introduced into the pressure container 2 through the 
atmospheric air introducing piping 12, and then, after 
having opened the container lid 4, the semiconductor wafer W 
is taken outside the semiconductor wafer cleaning apparatus 
1. 

[Advantages] 

As described above, according to the present invention, 
upon depressurizing the inside of the pressure container, 
the cleaning liquid is substituted for a bubble remaining in 
the trench hole formed in the surface of the semiconductor 
wafer that is immersed in the cleaning liquid in the 
cleaning tank accommodated in the pressure container. Hence, 
the cleaning liquid enters the trench hole, and thus the 
cleaning of the inner surface of the trench hole is 
performed by the cleaning liquid that has entered the trench 
hole. Furthermore, upon repeating pressurizing and 
depressurizing operations with respect to the inside of the 
pressure container, the cleaning liquid that has entered the 
trench hole is replaced, which promotes the cleaning of the 
inner surface of the trench hole. 

Therefore, according to the present invention, even if 
a high aspect-ratio structure such as a trench hole is 
formed in the surface of the semiconductor wafer, it is 
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possible to easily substitute the cleaning liquid for a 
bubble remaining inside the trench hole, and more reliably 
remove foreign matter adhering to the inner surface the 
trench hole. This produces the effect of improving the 
quality and the yield rate of the semiconductor wafer. 
4 . Brief Description of the Drawings 

Fig. 1 is a sectional view showing the schematic 
construction of a cleaning apparatus according to the 
present invention. Fig. 2 is a sectional view showing the 
schematic construction of a cleaning apparatus of a 
conventional example. Figs. 3(a) and 3(b) are each an 
enlarged sectional view of the main section of a trench hole 
formed in the surface of a semiconductor wafer. 

In the figures, symbol 1 denotes a semiconductor wafer 
cleaning apparatus, 2 denotes a pressure container, 6 
denotes depressurizing means, 11 denotes pressurizing means, 
21 denotes a cleaning liquid, 22 denotes a cleaning tank, 24 
denotes an ultrasonic oscillator, w denotes a semiconductor 
wafer, and T denotes a trench hole. 

In the figures, the same symbols denote the same or 
equivalent components or parts. 
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[Symbols] 



FIG. 1 

1: semiconductor wafer cleaning apparatus 

2 : pressure container 

6 : depressurizing means 

11: pressurizing means 

21: cleaning liquid 

22: cleaning tank 

24 : ultrasonic oscillator 

W: semiconductor wafer 

T: trench hole 
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